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CASTING BELTS FOR USE IN 
CASTING OF METALS AND 
MKTHnP OF MANUFACTURING SAME 

RjiffVyi-ouTiri Of The Invention 

This invention relates to belts for use in the casting 
of metals and a method for the manufacture of such belts, and 
more particularly to belts suitable for use in the high speed 
continuous casting of aluminum alloys and methods for the manu- 
facture of such belts. 

The continuous casting of thin metal strips is 
generally known in the prior art, but has not been widely em- 
ployed. Prior processes for the continuous casting of aluminum 
alloys into thin strip fonn have been limited to a relatively 
smaller number of alloys and products. It is generally recog- 
nized that, as the alloy content of various aluminiim alloys is 
increased, the surface quality of the alloy as cast deterio- 
rates . 

Relatively pure aluminum such as foil can be continu- 
ously strip cast on a commercial basis principally because of 
the low alloy content. Similarly, building products have like- 
wise been continuously strip cast; the surface quality of those 
products is less critical than in may other aluminum products 
such as can stock. 



SUBSTITUTE SHEET (PULE 26) 
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One conventional strip casting device which has been 
used in the prior art is the twin belt strip casting machine in 
which two moving belts define between them a moving mold for the 
metal to be cast. Cooling of the belts is typically effected by 
contacting a cooling fluid with the side of the belt opposite the 
side in contact with the molten metal. As a result, the belt is 
subjected to high thermal gradients, the molten metal being in 
contact with one side of the belt and the water coolant in 
contact with the other. Such gradients, dynamically unstable, 
cause distortion in the belts, resulting in neither the upper nor 
lower belt remaining flat. Those conditions adversely affect the 
surface quality of the metal cast. 

As a result, belt casting techniques have not received 
wide spread acceptance in the casting of alloys for surface- 
critical applications such as the manufacture of aluminum can 
stock. Various improvements have been proposed in the prior art, 
including techniques in which the belts are preheated as de- 
scribed in U.S. Patent Nos. 3,937,270 and 4,002,197, continuously 
applied and removed parting layers as described in U.S. Patent 
Mo. 3,795,269. 

It has also been proposed to perform continuous strip 
casting in single drum casters. In such devices, a supply of 
molten metal is delivered to the surface of a rotating drum. 
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which is internally water cooled, and the molten metal is dragged 
onto the surface of the driim to form a thin strip of metal which 
solidifies on contact with the surface of the drum* Such drum 
casting also tends to have surface quality problems and various 
attempts have been made at solving those problems. For example, 
U.S. Patent Nos. 4,793,400 and 4,954,974 suggest that the surface 
quality of the metal being cast can be improved by grooving the 
surface of the drums. A somewhat different approach was taken in 
U.S. Patent No. 4,934,443 in which the deposition of the molten 
metal onto the surface of the drum, which may be grooved, esta- 
blishes a natural oxide to develop on the surface of the drum as 
a result of exposure to the heat from the melt and to the atmo- 
sphere. Forming grooves in belts is, however, substantially more 
difficult than forming grooves on the surfaces of drum caster; 
because of inherent variations in belt steering and thickness, it 
is often difficult to control the spacing and depth of the 
grooves to be formed. 

Substantial improvements in the strip casting of metals 
such as aluminum alloys are described in pending application 
Serial No. 173,663 filed December 23, 1990, as well as co-pending 
application Serial No. 184,581 filed January 21, 1994 and Serial 
No. 173,369 filed December 23, 1993, the disclosures of which are 
incorporated herein by reference. In the strip casters described 
in the applications, the apparatus includes a pair of endless 
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belts, each of which is carried by a pair of pulleys. The belts 
define a molding zone therebetween corresponding to the desired 
thickness of the aluminum strip being cast. Aluminum alloy is 
supplied to the molding zone and solidifies therein. To prevent 
the substantial thermal gradients encountered in prior art twin 
belt casters, the apparatus described cools each of the endless 
belts while they are out of contact with either the molten metal 
or the cast metal strip. While the strip casting technique 
described in the aforementioned application represents a dramatic 
improvement over the prior art, it imposes severe constraints on 
the nature of the belt to be used. The belt used in that appar- 
atus may run under conditions of high tension. The bending 
stress induced as the belts turn around their supporting pulleys 
combined with the tension stress on the belt require particularly 
high tensile strengths. It is not uncommon for such belts to 
grow in length by as much as 12 inches during 20 minutes of cast 
time. It was also found that, as described in U.S. Patent No. 
4,934,443, an oxide layer does not form on the belt until after 
the belt has been in use for some period of time. As a result, 
there is a tendency for the aluminum to adhere to the surface of 
the belt in initial start-up casting operations. Thus, the strip 
casting as described in the foregoing application imposes de- 
manding requirements in terms of the properties of the belts used 
in the casting process. 
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It is accordingly an object of the present invention to 
provide belts for use in the casting of metals, and particularly 
aluminum alloy, and a method for the manufacture of such belts 
would overcome the foregoing disadvantages. 

It is a more specific object of the invention to 
provide belts for use in the continuous casting of metals such as 
aluminum alloy in which the yield strength is dramatically 
improved to reduce stretching in the belt under elevated tempera- 
ture conditions, while at the same time treating the surface of 
the belt to reduce the tendency for adhesion between the belt and 
the metals being cast. 

It is yet another object of the invention to provide a 
belt for use in the casting of metals in which surface irregular- 
ities are introduced to the surface of the belt in contact with 
the molten metal to improve heat transfer therebetween and to 
allow the escape of gases to improve the surface characteristics 
of the metal being cast. 

These and other objects and advantages of the invention 
appear more fully hereinafter from a detailed description of the 
invention . 
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fiiiimn^irY Of The Invention 
The concepts of the present invention reside in a belt 
for use in the casting of molten metals, and preferably aluminum 
alloy, and a method for manufacturing such belts in which the 
belts are subjected to three distinct thermal treatment steps. 
In the first thermal treatment step, the belt is heated to an 
elevated temperature sufficient to solution heat treat the belt 
and then quenched to increase its strength and to reduce the 
tendency of the belt to stretch. Subsequently, the belts are 
temper heat treated to provide the desired strength levels. 

In the most preferred embodiment of the invention, it 
is preferred that the solution heat treatment be carried in the 
presence of a controlled atmosphere to minimize surface oxidation 
on the belt. The controlled atmosphere which may be used in the 
most preferred embodiment of the invention can either be a vacuum 
or a non*oxidizing atmosphere as provided either by an inert gas 
or a reducing atmosphere such as that afforded by carbon mon- 
oxide . 

In the preferred practice of the present invention, 
after the belt has been strengthened to increase its strength and 
hardness and reduce its stretchability, the belt is preferably 
treated to introduce to the surface coming in contact with the 
molten metal irregularities in the surface of the belt. As used 
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herein, the term "irregularities" refers to and includes irregu- 
larities in the surface that serves to improve uniformity of heat 
transfer between the belt and the molten metal to be deposited 
thereon by providing cavities in which surface gases released may 
be collected or allowed to escape from between the belt and the 
molten metal deposited thereon. The surface irregularities used 
in the practice of the present invention may be in the form of 
grooves, dimples or any other pattern on the surface of the belt 
serving those two functions. 

Once the belt has been treated to introduce the surface 
irregularities, the lands are polished to remove burrs and any 
surface oxides which may be formed. Thereafter, the belts are 
then subjected to a third heat treatment under controlled con- 
ditions of elevated temperature to oxidize the surface of the 
belt. The surface oxidation thus formed on the belt substan- 
tially minimizes the tendency of the molten metal or the solidi- 
fied metal formed therefrom to adhere to the surface of the belt. 
For best results, the oxide must also have the desired thickness 
of 2 to 20 microns to allow high heat fluxes for rapid solidifi- 
cation. 

Without limiting the invention as to theory, it is 
believed that, by controlling the conditions of temperature and 
time, it is possible to provide a more uniform oxidation layer 
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than that achieved by the practice described in U.S. Patent No. 
4,934,443. In the latter, the oxidation layer formed on the belt 
must be formed by exposure to heat from the belt and to the 
atmosphere, conditions which vary with time. By pre-conditioning 
the belts with controlled time and temperature in the practice of 
this invention, it is possible to insure that the oxidation layer 
thus formed is substantially uniform across the surface of the 
belt prior to the start of casting. 

Thus, the belt of the present invention has the pro- 
perties necessary to allow reliable casting before the casting 
has begun. That insures that the belts of the invention have the 
capability of providing improved surface quality at the beginning 
of the casting operation without the tendency of the molten metal 
to adhere to the surface of the belt until the belt has become 
seasoned. 

The belts employed in the practice of the present 
invention are preferably made of heat treatable steel. It will 
be understood, however, that other metal belts can likewise be 
used. Copper belts, for example, have been found to provide 
satisfactory results. The belts thus produced using the tech- 
niques of the present invention have been found to be highly 
suitable in the strip casting technique described in the fore- 
going co-pending application. 
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Brief P^sgriptipn Of The Drawingg 

Fig. 1 is a schematic illustration of the casting 
apparatus in which the belts of the present invention may be 
used. 

Fig. 2 illustrates how the belt is welded to form an 
endless belt of metal. 

Fig. 3 is a side view showing the belt of the present 
invention which has been treated to introduce surface irregu- 
larities in the form of grooves. 

Fig. 4 is a plane view showing the grooved surface 
illustrated in Fig. 3. 

Fig. 5 is a plane view of a belt embodying the features 
of the present invention in which the surface irregularities are 
in the form of dimples. 

Detaia^ed Dggcriptipn Qf the Inv^nti^n 

The belts of the present invention are preferably used 
in accordance with the strip cast technique in co-pending appli- 
cation Serial No. 184,581. As shown, the apparatus includes a 
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pair of endless belts 10 and 12 carried by a pair of upper 
pulleys 14 and 16 and a pair of corresponding lower pulleys 18 
and 20. Each pulley is mounted for rotation, and is a suitable 
heat resistant pulley. Either or both of the upper pulleys 14 
and 16 are driven by suitable motor means or like driving means 
not illustrated in the drawing for purposes of simplicity. The 
same is true for the lower pulleys 18 and 20. Each of the belts 
10 and 12 is an endless belt and is preferably formed of a metal 
which forms an oxide having low reactivity with the aluminum 
being cast. 

The pulleys are positioned^ as illustrated in Fig. 2, 
one above the other with a molding gap therebetween corresponding 
to the desired thickness of the aluminum strip being cast. 

Molten metal to be cast is supplied to the molding gap 
through suitable metal supply means such as a tundish 28. The 
inside of the tundish 28 corresponds substantially in width to 
the width of the belts 10 and 12 and includes a metal supply 
delivery casting nozzle 30 to deliver molten metal to the molding 
gap between the belts 10 and 12. 

The casting apparatus also includes a pair of cooling 
means 32 and 34 positioned opposite that position of the endless 
belt in contact with the metal being cast in the molding gap 
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between the belts. The cooling means 32 and 34 thus serve to 
cool belts 10 and 12, respectively, before they come into contact 
with the molten metal. In the preferred embodiment illustrated 
in Pig. 2, coolers 32 and 34 are positioned as shown on the 
return run of belts 10 and 12, respectively. In that embodiment, 
the cooling means 32 and 34 can be conventional cooling devices 
such as fluid nozzles positioned to spray a cooling fluid 
directly on the inside and/or outside of belts 10 and 12 to cool 
the belts through their thicknesses. Further details respecting 
the strip casting apparatus may be found in the foregoing co- 
pending applications. 

In the preferred practice of the invention, the belts 
of the present invention are fabricated from heat treatable 
steel, and preferably carbon steels. A wide variety of carbon 
steels may be used in the practice of the invention, depending in 
part on the conditions to be used in the strip cast operation. 
Good results have been obtained using chromium-molybdenum steel 
from the 4100 series of AISI designation. In the practice of 
this invention particularly preferred is the steel bearing the 
AISI designation of 4130. Such steels generally contain chromium 
amounts ranging up to about 1%, molybdenum amounts ranging up to 
about 0.5% and carbon in an amount from 0.2 to 0.4% by weight. 
In addition to steel, use can also be made of various copper 
alloys well known to those skilled in the art. 
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In general, the steel belts of the present application 
are fabricated from a coil of the metal to be used in forming the 
belt. The coil is converted to endless belts by cutting to 
length and welding two ends of the belt each to the other in 
accordance with conventional techniques. As illustrated in Pig. 
2 of the drawing, the belts 10 contain a weld 52. While the 
placement of the weld is not critical to the practice of the 
present invention, it is generally preferred that the weld extend 
transversely across the belt as shown in Fig. 2 at an acute angle 
from the perpendicular. In general, it is preferred that the 
weld be an angle from 10 to 45 degrees from the perpendicular. 

Once the endless belt has been formed, it is then 
treated under non-oxidizing conditions at an elevated temperature 
and for time sufficient to increase the strength of the belt. 
The heat treating operation is carried out to increase the 
tensile strength to a level of at least 90,000 psi and preferably 
100,000 to 150,000 psi, and a yield strength of at least 70,000 
psi and preferably 80,000 to 120,000 psi. That can be accom- 
plished by treating the belt to an elevated temperature suffi- 
cient to form a solid solution of carbon and iron. Such tempera- 
tures typically range from 1400 to 1800' P. The time for the 
heat treatment is not critical and should be sufficient to form a 
solid solution of carbon in iron. In general, the heating time 
will depend somewhat on the temperatures, but typically range 
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from .1 to 10 hours. 

As indicated previously, it is an important concept of 
the present invention that the heat treatment of the belt to 
increase its strength and reduce its tendency to stretch be 
carried out under non-oxidizing or reducing conditions. As will 
be appreciated by those skilled in the art, belts used for strip 
casting are typically formed of steel having a thickness ranging 
from .05 to .15 inches and heavy oxidation would adversely affect 
the subsequent surface texturing operation. For that reason, it 
is desirable, in the heat treatment step to increase the strength 
of the belt and decrease its tendency to stretch, that any 
oxidation be minimized. 

After the belt has been solution heat treated to 
improve its strength and reduce its stretchability, it is 
quenched, preferably to a temperature below 700" F. It has been 
found that the quenching step should be carried out in a manner 
so as to substantially avoid distortion of the belt. Quenching 
in hot oil or hot salt has been found particularly effective in 
avoiding distortion of the belt during quenching. 

Thereafter, the belt is subjected to a second heat 
treatment of tenqpering to achieve the desired strength level. 
Tempering of steel, copper and the like belts cam be carried out 
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under known tempering or aging conditions. Such tempering 
conditions preferably include temperatures ranging from 600 to 
1400"* F for .1 to 5 hours, depending somewhat on whether the belt 
is formed of steel or copper. 

Thereafter, it is treated to introduce surface irregu- 
larities on the surface which will come in contact with the 
molten metal. As shown in Figs. 3 and 4, the belt 10 is pre- 
ferably treated to introduce transversely extending grooves 54 on 
the surface of the belt. The formation of the grooves can be 
made by machining the belt in accordance with conventional 
techniques. Alternatively, it is also possible, and sometimes 
desiifable, to introduce grooves to the surface of the belt by the 
use of a laser serving to cut the necessary grooves. The use of 
a laser can be particularly desirable because it can cut deeper 
and form more grooves per inch than typical tool machine methods. 
In addition, the use of a laser has the further advantage of 
effectively grooving the belt when hardened to a higher strength 
level than that possible using machine tool methods. Lasers also 
have the additional advantage of effectively grooving belts that 
are longer and wider than that possible with single tool 
machining methods; the latter are limited because of excessive 
tool wear. 

It is also possible, and sometimes desirable, to 
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employ, instead of grooves, a series of dimples 56 in the surface 
of the belt. The dimples likewise serve to increase the heat 
transfer between the molten metal and the metal to be cast as 
well as providing cavities to collect gases formed when the 
molten metal is deposited on the belt. 

The dimensions of the surface irregularities are not 
critical to the practice of the present invention and can be 
varied within relatively wide ranges. It is frequently desirable 
that the surface irregularities be equally spaced each from the 
other and that they have a frequency ranging from 20 to 120 
irregularities per inch. Typically, such grooves or such irregu- 
larities have a depth ranging from 1 to 40% of the thickness of 
the belt. 

Once the surface irregularities are introduced to the 
surface of the belt, the belt is preferably polished to remove 
burrs and any surface oxides formed during the heat treatment on 
the surface thereof. Such polishing operations utilize progres- 
sively finer grit sizes and serve to flatten any sharp edges 
formed when the surface irregularities are introduced. 

After the polishing step, the belt of the present 
invention is subjected to a second thermal treatment under 
controlled conditions of temperature to introduce or form a 
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surface oxide layer on the belt. In general, it has been found 
that the belt can be thermally treated at a temperature ranging 
from 500 to 1000** F for a period of 1 to 5 hours. Both air and 
combustion atmospheres have been found to provide good oxide 
thickness • 

As will be appreciated by those skilled in the art, it 
is also possible to employ, in some instances, various chemicals 
which serve to reduce the tendency of the cast metal to adhere to 
the belt* Such chemical additives are themselves known to those 
skilled in the art. 

The third thermal treatment thus seirves to introduce to 
the surface of the belt a thin oxide layer thereon. It has been 
found that the then oxide layer, because it is far more uniform 
by reason of its having been preformed, is particularly effective 
in preventing adhesion of the metal to the surface of the belt, 
particularly at the start of the casting operation. Once the 
belt has been baked to introduce the oxide layer thereon, it is 
ready for use in the strip casting of the metal, and preferably 
in the strip casting of aluminum alloys. 

Having described the past concept of the invention, 
reference is now made to the following example which is provided 
by way of illustration and not by way of limitation of the 
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practice of the invention. 

Example 

This example illustrates the preparation of a belt 
embodying the concepts of the present invention. 

The belt coil stock used in the manufacture of the belt 
of this invention is a coil of AISI 4130 steel having a thickness 
of 0.08 inches which is welded at a 30' angle from the perpendic- 
ular to form an endless belt. The belt is then heat treated at a 
temperature of about 1600* F for a period of three hours and 
quenched to harden the belt; it is then tempered at 1300** F for 2 
hours to provide a belt having a tensile strength of about 
115^000 psi and a yield strength of 95,000 psi. 

The belt is then subjected to mechanical grooving to 
introduce grooves having a frequency of 60 grooves per inch and a 
depth of 0.005. Thereafter, the belt is polished to a #320 
finish. 

Thereafter, the belt is baked in air for a period of 
two hours at a temperature of 900** F. It was found that the belt 
could be used for extended periods of time in the strip casting 
of aluminum alloys without sticking during starting. 
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It will be understood that various changes and modifi- 
cations can be made in the details of procedure and use without 
parting from the spirit of the invention especially as defined i 
the following claims. 
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What is claimed is: 

1. A method for the manufacture of casting belts for 
use in the casting of metals comprising the steps of: 

(a) providing an endless metal belt; 

(b) subjecting the belt to a heat treatment of 
solutionizing, quenching and tempering to improve its strength 
and decrease its stretchability; 

(c) treating the belt to introduce to the outer 
surface irregularities in that surface to improve uniformity of 
heat transfer between the belt and molten metal deposited thereon 
and to allow the collection of surface gases from between the 
surface of the belt and the metal deposited thereon; and 

(d) subjecting the belt to a thermal treatment 
under controlled conditions of an elevated temperature to form on 
the surface of the belt an oxide layer having a thickness suffi- 
cient to substantially minimize adhesion between metals deposited 
thereon and the surface of the belt. 

2. A method as defined in claim 1 which includes the 
step of polishing the belt after the irregularities are formed 
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thereon . 

3. A method as defined in claim 1 wherein the belt is 
formed of a metal containing carbon and the heat treatment is 
sufficient to dissolve the carbon in the metal to form a solid 
solution of carbon in the metal to strengthen the metal. 

4. A method as defined in claim 1 wherein the belt is 
formed from a carbon steel. 

5. A method as defined in claim 4 wherein the carbon 
steel is a chromium-molybdenum steel. 

6. A method as defined in claim 5 wherein the steel 
contains up to about 1% chromium and up to about 0.5% molybdenum. 

7. A method as defined in claim 4 wherein the steel 
contains from about 0.2% to about 0.4% by weight carbon. 

8. A method as defined in claim 1 wherein the belt is 
heat treated at a temperature ranging from about 1200" to about 
1800" F and quenched. 

9. A method as defined in claim 1 wherein the belt is 
heat treated for a time up to about 10 hours. 
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10. A method as defined in claim 1 wherein the belt, 
during heat treatment, is heated in the presence of a non-oxidiz- 
ing atmosphere. 

11. A method as defined in claim 1 wherein the belt, 
during heat treatment, is heated under vacuum. 

12. A method as defined in claim 1 wherein the belt is 
quenched in hot oil or hot salt to avoid distortion of the belt. 

13. A method as defined in claim 1 wherein the surface 
irregularities are in the form of grooves on the surface of the 
belt.* 

14. A method as defined in claim 1 wherein the surface 
irregularities are in the form of a pattern of dimples. 

15. A method as defined in claim 1 wherein the surface 
irregularities are formed by mechanical processing. 

16. A method as defined in claim 1 wherein the surface 
irregularities are formed by means of a laser. 



17. A method as defined in claim 1 where in the 
thermal treatment is carried out at a temperature within the 
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range of about 500° to 1000* F. 

18. A method as defined in claim 1 wherein the oxide 
layer as thickness of about 2 to about 20 microns. 

19. A belt for use in the casting of materials com- 
prising an endless belt formed of a metal having the capability 
of forming a non-reactive oxide, said belt having been solution 
heat treated, quenched and tempered and having a pattern of 
surface irregularities thereon to improve the uniformity of heat 
transfer between the belt and metal deposited thereon and to 
allow the collection of surface gases formed during the casting, 
said -belt having an oxide layer thereon with a thickness suffi- 
cient to substantially minimize adhesion between the belt and 
metals deposited thereon. 

20. A belt as defined in claim 19 wherein the surface 
of the belt has been polished after the irregularities are formed 
thereon . 

21. A belt as defined in claim 19 wherein the belt is 
formed of a metal containing carbon and the heat treatment is 
sufficient to dissolve the carbon in the metal to form a solid 
solution of carbon in the metal to strengthen the metal. 
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22. A belt as defined in claim 19 wherein the belt is 
formed from a carbon steel* 

23. A belt as defined in claim 19 wherein the carbon 
steel is a chromium-molybdenum steel. 

24. A belt as defined in claim 19 wherein the steel 
contains up to about 1% chromium and up to about 0.5% molybdenum. 

25. A belt as defined in claim 19 wherein the steel 
contains from about 0.2% to about 0.4% by weight carbon. 

26. A belt as defined in claim 19 wherein the surface 
irregularities are in the form of grooves on the surface of the 
belt. 

27. A belt as defined in claim 19 wherein the surface 
irregularities are in the form of a pattern of dimples. 

28. A method for the casting of metals comprising 
continuously moving at least one endless belt and depositing on 
the surface of said belt a molten metal whereby heat is 
transferred from the molten metal to the belt to form a thin 
strip of metal on the belt, said belt being a belt as defined in 
claim 19. 
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29. A method as defined in claim 28 wherein the belt 
is formed of a metal containing carbon and the heat treatment ii 
sufficient to dissolve the carbon in the metal to form a solid 
solution of carbon in the metal to strengthen the metal. 

30. A method as defined in claim 28 wherein the belt 
is formed from a carbon steel. 



31. A method as defined in claim 28 wherein the carbon 
steel is a chromium-molybdenum steel. 
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